Introduction
The future impacts of halogenated species on stratospheric ozone have typically been studied using 2-dimensional (latitude-height) chemical transport models (CTMs). According to recent research it is essential to take into account the impact of changes in greenhouse gas concentrations on the dynamical behaviour of the Arctic and Copyright 2000 by the American Geophysical Union.
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0094-8276/00/1999GL010886505.00 Antarctic polar vortices [e.g. Austin et al., 1992 Austin et al., , 1994 Shindell et al., 1998 ]. It may also be assumed that the use of 3-dimensional models may give a more realistic picture of the longitudinal distribution of ozone, especially in the Northern Hemisphere, where the polar vortex is typically smaller and more mobile. However, such models are highly computationally intensive and in recent studies three approaches have been used: 1) The climate and chemistry models have been run non-interactively ], 2) The coupled model runs have been run for individual years separately rather than for several decades continuously [Austin et al., 1999] , 3) Climate model and simplified chemistry models have been run continuously for several decades [Ship,dell, et al., 1998 ]. In this study results from all these approaches are compared.
Ozone Scenarios
In this study the impact of both climate change and stratospheric chemistry on surface UV levels are taken into In the GISS model [Shindell et al. 1997 [Shindell et al. , 1998 ] the heterogeneous chlorine chemistry is parameterised as a function of temperature, and a contribution due to bromine is included by increasing the ozone destruction rates by 15% in all cases. In the GISS model the chemistry and the atmospheric circulation are coupled in that the radiative impact of ozone change is included. It is expected that further availability of powerful supercomputers will allo• more extensive studies with comprehensive coupled GCM-CTMs to be performed. Also it would be important to be able to estimate future changes in cloudiness, albedo and aerosols with better consistency to be able to include those potentially important changes in the UV scenario estimates.
